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(57) Abstract: A siate-of-polarization (SOP)-independent device (226, 326) and method for detennining polyrization mode disper- 
sion (PMD) in an optical communication system having an optical O'ansmission Une (224, 324), including a detector (244, 344), 
coupleable to the optical transmission line (224, 324), where the detector (244, 344) is capable of analyzing a pulse shape of an 
optical signal on the optical transmission line to determine PMD of the optical signal. A corrector (246, 346) may be coupled to 
the detector (244, 344). where the corrector (246, 346) is capable of compensating the optical signal for the determined PMD. A 
controller (242, 342) may be coupled to the detector (244, 344) and the corrector (246, 346). The pulse sh^ may comprise an eye 
diagram, which may contain a first peak and a second peak, due to PMD, where the PMD determined by the detector (244, 344) is 
a function of the distance between the detected first and second peaks which is indicative of a time delay between the detected first 
and second peaks. The device and method may also include a verifier (348) coupled to the corrector (246, 346), where the verifier 
(348) is capable of verifying that the corrector (246, 346) correctly compensated the optical signal for the PMD. 
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DEVICE AND METHOD FOR DETERMINING PMD 
INDEPENDENT OF SOP 

TECHNICAL FIELD 

5 This invention relates generally to optical communication systems, and more particularly to 

n device and method for accurately determining PMD of optical signals transmitted over a fiberoptic 
network. 

BACKGROUND OF THE INVENTION 

JO In a typical optical communication system, an optical signal in the form of a series of light 

pulses is emitted from an optical transmitter comprising a modulated laser diode. In the frequency 
domain, this signal comprises numerous frequency components spaced very closely about the 
nominal center frequency of ihe optical cairier. such as 193.000 GHz. As this type of modulated 
optical signal passes through an optical fiber, different frequency components of the optical signal 

15 travel at slightly different speeds due to an effect known as chromatic dispersion. In the course of 
an optical signal traveling through a very long fiber, such as 200 km. chromaUc dispersion causes 
a single pulse of light to broaden in the Ume domain, and causes adjacent pulses to overlap on^ 
another, interfering with accurate reception. Fortunately, many techniques are known for 
compensating for chromatic dispersion. 

20 Another form of dispersion is becoming a limiiing factor in optical communication systems 

as progressively higher data rates are attempted. Polarization mode dispersion (PMD) arises due to 
birefringence in the optical fiber. This means that for two orthogonal directions of polarization, a 
given fiber can exhibit differing propagation speeds. A light pulse traveling through a fiber will 
probably, unless some control means are employed, have its energy partitioned into polarization 

25 components thai travel at different speeds. As with chromatic dispersion, this speed difference 
causes pulse broadening and restricts the usable bandwidth of each optical carrier. 

A modulated optical signal arriving at an optical receiver must be of sufficient quality to 
allow the receiver to clearly distinguish the on-and-ofT pattern of light pulses sent by the tntnsmitier. 
Conventionally, a properly designed optical link can maintain a bit-error-rate (BER) of 10"'^ or 

30 better. Noise, attenuation, and dispersion arc a few of the impairments that can render an optical 
signal marginal or unusable at the receiver. Generally, when an optical channel degrades to a bit. 
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em)r-rate of lO"*. a conununicalion system will automalicaUy switch to an alternate optical channel 

in an attempt to improve the BER. 

One common method of analyzing the quality of a modulated optical signal is a so-called 
"eye diagram." shown in Fig. 1. The eye diagram consists of overlaying successive frames of time- 
domain traces of the optical signal, with each frame corresponding to one period of the nominal 
periodicity of the modulation. The vertical axis of an eye diagram represents instantaneous intensity 
(1) of rhe received .signal, and the horizontal axis come.<5pond.s to lime (T). Many successive lTace.s 
of transmitted "ones" und "zeros" define a region or window within the middle of the display, 
defining the "eye diagram." On the time axis, the window is bound on either side by the transitional 
leading and trailing edges of the pulses. The eye diagram in Fig. 1 shows an optical signal 50. 52 
traveling through the optical fiber. A large clear area or "window" in the center, such as the one 
shown in Fig. 1 . with a single peak and no encroachment from any side, represents a good signal in 
that the presence or absence of a pulse during each clock cycle is clearly distinguishable. 

Noise added to a signal appears as "fuzziness" of the lines defining the window. Sufficient 
15 noise can even obliterate the appearance of the window, representing a bad signal in that "ones" and 
"zeros" are no longer distinguishable. Impaiiments in the time axis, such as chromatic dispersion 
or polarization mode dispersion, cause the transitional areas of the display to close in upon the 

window from either side. 

Active PMD compensation techniques are required in an optical communication systern 
20 because the PMD of a given fiber varies over time due to the fiber aging, and due to temperanire and 
pressure changes along the fiber. A fiber installed above ground can exhibit fairly rapid fluctuadons 
in PMD due to temperature and mechanical forces (e.g. wind blowing the fiber). A fiber buried^ 
underground can be sensitive to loads such as street traffic or construction work. Also, the fiber may 
not have a perfect circular cross-section, causing varying delays of the polarization components. 

In current optical communication systems. PMD changes are typically compensated for by 
a Polarization Mode Dispersion Compensator (PMDC) which detects the degree of polarization, 
dependent differential delay suffered by an optical carrier and then adaptively conects the delay. As 
polarization characteristics of the fiber change, the PMDC constantly monitors and adjusts the signal 
in an attempt to minimize the PMD contribution to overall dispersion. A typical PMD compensator 
30 splits an incoming optical signal, intensity modulated by a data pulse stream, into two polarizations, 
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The relative dn,l,,g of ^gnal halv« is .h» con.«ed by in^ductae • d^»y into one 
half »d Aen ««.n,bining U« hives .0 form a com«e4 ompu. signal. 

Schemes » acdvely compensau for PMD g«..rally involve de.ecdng U,c presence of 
pol..«Uo„.depe„de„. ..ning differed and either ., applying delay ele.e,.s .0 on. or .h. «Ker 
5 polahiation ,0 -.align the lining of pulses or b) oomrolUng U,e srale^f-polarizafon (SOP of U,e 
ig„. upon entry into the fiber, or at intermediate points along the fiber, such that birefnngent 
• eLts are minimi»d or canceled out. Existing PMD compensators either include a state^f- 
pol^ization (SOP) detector and/or controller in order to feed a consistent polarizauon onentanon 
Lothebeamspliuer a. the front end Of thocompensator. or tely on the use of one elsewhere ,n the 

10 optical communication system. 

SUMMARY OF THE INVENTION 

A problem of ptior .« PMD compensator is that d«y either assume SOP is not ch.ng.ng 
i„ Utc optical path, or udli» a SOP detector and/o, conuo,.« to stabilize SOP by feeding a 
,5 c^tsisten. polaHzaUon orientation into a beam spUtter at dre from end of the compensator, wtth the 
presumpHon dta. any residua. SOP changes are caused b, PMD. These assumptions aremco^ct 
Ldcauscn.wed,ea..ngsandunncccss.,VCO,recdonsofd,eop.icalsignaltoreduccPMD. Thes^ 
^„mp,ionsareinco,,ec.because»hi.echangesinPMDca„scchangesinSOP..heconversc,snot 

necessarily true; SOP changes are no, ...ays caused by PMD. PMD is . separate phenomenon, 
a„ *»Unguishab..f.cmSOP.whe,.SOPc.nchangedramadcallya„dabmpUywid,ou.aco^ 

changLpWD. TT,us, PMD is no. being concctly compensated for in c,trre„.opdcal».nsm.ss.o,, 
tl. Morepanicu.arty,e.sUngPMDcompo„satordesignsassume.ha.SOPthroughag.ve,, 
o;calpa.hdoesnotchangeapp,«i.blyoverdme,orthatSOPcanbecont,olledb,.slo^ 

SOP cLller such that any r«idu1 SOP deviadons are p,««n,ed attribuuble .0 PMD. Tbt. 
« .ssumptionisinvalid.resu,tinginpoorperfo,™anccof.xisti„gPMDcomp,ns.tors 

invention, an SOP-independc„. PMD detector, solves the problems of the pnor art by provdmg 
device and method of detennining and compensating t^l-time PMD vari«ions independently of 

SOP shifts. . r 1 

The metfiod and device of the presem inv«,don analyzes the pulse shape, for example. d,e 
30 eyediagram. of an opdctasi^alon an opUcaltransn^ssion line to determine PMD. Theamountof 
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PMD calculated may then be compensated for. Tlie PMD is observable on an eye diagram of an 
optical pulse stmam suffering from PMD as two overlapping pulses, or peaks, with a saddle pomt 
in-between The relative temporal offset, observable as the distance between the two peaks of the 
eye diagram, is indicative of and a measure of PMD. The SOP is seen on the eye diagram as a 
function of relaUve amplitude of the peaks, and advantageously, is not a factor taken into 
consideration when calculating and compensating for PMD in the present invention. 

According to an embodiment of the present invention, disclosed is a state-of-polaii2at,on 
(SOP)-independent device for detecting polarization mode dispersion (PMD) in an optical 
communication system having an optical transmission line, including a detector coupleablc to the 
optical transmission line, where the detector is capable of analyzing the pulse shape of an optical 
signal on the optical transmission line to determine PMD of the optical signal. A corrector may be 
coupled to the detector, where the corrector is capable of compensating the optical signal for th,e 
determined PMD. A controller may be coupled to the detector and the corrector. The pulse shape 
n.ay be an eye diagram which may contain a first peak and a second peak, where the PMR 
determined by the detector Is a function of the distance between the detected Hrst and second peaks. 
The distance is indicative of a time delay between the detected flm and second peaks, which ume 
delay is indicative of first order PMD. also referred to as differential group delay (DGD). The 
compiler may include a memory, and is capable of providing a clock signal to the detector. The 
device may further include a verifier coupled to the corrector, where the verifier is capable of 
verifying that the corrector conealy compensates the optical signal for the determined PMD. The 
corrector is capable of actively compensating the PMD by altering the opUcal signal as a functtot. 
of the determinedPMD.and the controller is capable of signaling the detector to r^^^^^ 

the optical signal. . . ■ . . t 

According to another en.bcdima.1 of .he present invention, disclosed .s a siate^f, 

polanzation (SOPHndcp.nd.nt d.vi« for denting polahz«ion mod. disp^ion (PMD) in a, 

opdcal conmunication systetn having a. opUcl .nnsmission line, including a d.«otor couplcabl, 

,0 the opacal nnsmission line, where U« detector is capable of analyzing an diagr^n of «. 

optical signal on the opdcal .r^tstnission line .0 determine PMD of the optical signal. A correcr 

«,y be coupled to the detector, whet, .he corrector is capable of compensating the optical s.gnd for 

the determined PMD. A controller may be coupled to tite deteaor and the corr^tor, «.d . v«.«.r 
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„«^b.couplcd .0 a«con«.or. wto-heverifieris capable of v.riryi»8*..hecor«^ 

coroperaalM the optical signal for ihe delennintd PMD. 

According to M.othcr =n*odin>cnc of the p.«cnt invention, disclosed is a method of det«»ng 

polartration mode disp«slon (PMD) independent of sute^f-polarization (SOP) in an optical 
5 comriunication system communicating an optica, signal on an opUcal .™,smlssion line, dte optical 

communicauon system having at least a detector. The method includes the steps of analysing the 
• pals, shape «hich may be an eye diagram of the optical signal using the detector to detennine an 

amount of PMD of the optical signal. The optical signal may be compensated for the detemuned 

PMD using a compensator. The optical communication system may include a controller, and dte 
,0 method may futther include dte step of verifying that the optical sign., is compcnsat«. correctly for 

the determined PMD. T>>c method may also include the step of rccompensating the optical signal 

for .hede.cnnin.dPMD. Another opdond step of this embodiment in which the cont^llerinclud^ 

a memory is .o compare . fi... detemuned PMD value .0 a second de.cnnined PMD value, in otder 
,„ de.»n,ine whether the second PMD value e,uals zet. or .00% of a pulse width of the opdca) 

" The novel method and device for detetnuning PMD independently of SOP provides the 

advantage of mo,. accur.».y dccnnining and comp«.sating for PMD in an optica, communicauon 
sys«m. unproved .r«»mission of optical signals over an optical fiber is provided with ,he p,««,t 
i„v»,ion. A t„nh« advantage is tha. d.e re,ui,emen, of the use of an SOP controller by either the 

ao opUcal communicauon system or .he PMDC may be e«mina.ed by the present invenuon, 
aLugeous because of a «ducdo„ in the need for an elem»t in the system. A n.nher adva^tag, 
is that Changes in SOP of dte optical signal do not affect the amoum of PMD detemuned and 
compcnsaied for by the system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

H,liltet««.» .ye di.B«n, for an optical dsn^ on an »pt,od fiber. 

H,. 2 i..u3.r.,.. a bloc, diagran, of a» opaC — ca,io„ .ys«m .00 a^ordmgU, .he 

— ^P^'er--— -'-^"^ ^ 
mos»«. • pos*l«,e aiagran. havln, opdca, Signals 236. 238 each w.* »o ^ 

Fig. 5 sbovs an eye diagram correcled opdcal ^^l""^^"- ^ 

P., , ..„w, an al-en^e ..bodiment of an SOP-indepcndcne PMBC 326 

«, 7 show, a possible eye diagram o, opUc^ signals 336. 338 on opocal fib» 324 as 

-::rr::iieye-s^o-p---------"'---^' 

" ~ an acn. in.gc of an eye ..gran, from .c mo..or o, an os^lloscop, 

observing an op-icai carrier, wi* UK amoum of PMD indica^d by ... 

DETAILESDESCRIPnON OF PREFERKED EMBODIMENTS 

rp.efen.de.bodi.en.ofU,epre»n.inve„Uonisdiscussedt^owi„d^^^^ 

« ^„„,d be apprecia^d ,Ka. .he prcsen. invenUon provides many applicable ,nvenu,e conc^ 
:rc.belod.edin..id.vaHe.ofsp«i«cc„n.e..s. Tbespe^^c b^^^^^^ 
.„n„„lyin„s»,ive of specific .ays .omaUe and >^U.elnve„„on.nddo no. l.nn.d,eseop.of 

'""l^lgfirs..oPi.2..e,.inisil,ns™ea.b.oc.dia^ofa„opUca.commu.ea^^^ 
Lrding » d.e presen. inv«,don. Sysiem 100 includes an opdcal «ansnn«r 110 

• i^u. m Pnrexamole the optical earner may be a SONKrot,-*» 
b,«nsmi«erll0on»opacalfiberll2. f'"""^'^!' J TheopUcal 
rr>C-lMsisnalbeari«gdigitald«aa.appro»mately2.5or9.9GBPS.respecu 

r::2l:::nc.ndeanop.ca,amp,i«ersbo™a.„.f.ampU..^^ 
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• „. ihe lenoh of .he optical fiber. Thus, .here may be . reqmr«nen. for 

" "rs^ ...ae .ever, —or each p.... ,.h. ... U 

,„,„..y „o.„la.ed by a —.in, inpu. elec^ca, dau signal .o provide wavelcgd, d,v,.„„ 
rZLng(WDM, if <.si.d. For purposes of .eachi„,a„di,,us».i„,.heprese„..^ 

;ii„ve„.o„wid,i.b.nsu„den.oodd,a.U.eprese„.invendo.ca„app..oeachorseve^ 
,11 ooiioal carriers beins communicaled over a common optical fiber. 

" tirfenin..o«.. 2. optical s.^^^ 

, n.MDC) .26 coupled .o op.ica. fiber U6. for example. As .he pola„xa..on 

J.--.-— ------''--t 

lalllpersion.ThePMDC,26isco.ne«=dbyop.calfibern8.oanop.,ca.«ce,^^^^^^ 
TpL Jeiver .30 convex 0. opUcai signal .0 ele«Hcal digiul da. o„ outpu, l.ne .32 wh.ch .s 

u • /.untried dieiul data on input line 108. 
ideallv identical to the input electncaj aigiuii r . ^ u ^ t ak^t 

l.,p.^ce one or .vera. PMDC.126n«ybcprovided along d,ele„g.h of ^eopnoal fiber. 

and .a'b^Z^aed a. several loca.ons, including proxinta^ *e .a„snU..e. 1.0 fo, prov.d.„g 
orjclpensaUon,.nU,en.iddleor*eUn.ofopUcalfibersn2.116.proxin.,e«^ 

r:.„,cLbina.ond,ereofdependingon.hedesignof.ee,ec.,icalcon™un.cabonsy^^^^ 

rrd,eLonornu,*erofPMDCsU6.nayva.Vind.ep.esen.invennon. Aproblern-npn^ 

conunu.ca.on a,a.n. is d.a, .e prior art PMBC consld. SOP — o^wM 
l^ing and calcu..ng .he an,oun. of PMD .0 be compensated. This .esulu ,n an .nacc^ 
11. of PMDbeingcalcuU^d «.d O-us being compens..ed for in U.e op.C conun-"-™ 
"eZsadeUopdca.s.gna..ac.ngi„«^.,.pro«c-Moh.samp^^^ 
;:^lveU over ^ extended leng* of .he opdcal fiber. Tl.e pre^n. .nvenuon solves U,«e 
problems in *e prior art by d..ennining Ote PMD independ«,t of SOP 
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Rrfening nex. «. Fig. 3. rt-emn is iltetn«=d . prrfeired embodimen. of pr«o.. 
.„v=..io„. an SOP-indepc^den. PMDC 226 which ^ as PMDC ,26 i„ Bg. 2. PNffiC 
226 includes . PMD d««.or 244, capable of analy^ng . puis, shape of an optical signal. TIk 
PMDC 226 includes a PMD eonuoller 242 e».p:ed .o bed, PMD de^cor 244 «,d a PMD cooecor 
246 Optical fibc 224 containing an inpu. optical signal is coupled ,0 .he inpu. of PMD detecor 
244' and .heomput of PMD de.ec.0, 244 may be coupled .0 .he .npulofaPMBcorrec^r 246. -n,, 

OU.PU. of PMD conecor 246 may be coupled .0 optical fiber 228 which conuins d,c ompu, signal 

0fIhePMDC226. . 

The PMD eonuoller 242 may also include a microprocessor or odier device d«< continuously 
a cloc. pulse .0 PMD de.ec„r 244. The doc. pulse diggers .he PMD de.ec.. 244,o 
gcnera-e and examine tf-e pulse shape of die optical signal uaveling on opncal fiber 224. The clo^ 
ulse sen. by .he PMD con,ro.ler 242 is preferably a. lOGHz or higher. The contiolW 24 
Lrablyalsohasamemory function whe^byoneresponse from d,edc.e«or 244 can becompared 

,„a,ene..«spons. in order u>de.cc. changes in PMD in d,e optical signal. ■ 
upon receiving a doclc signal requesting an examina,ion of d,c pulse shape, PMD dc«e.or 
244 analy^s ti,e pulse shape of .he optical signal and dcermines the amoun. of ^'"^^ 
now .0 Kg. 4, a pulse shape in tite form of an eye dtagram is shown having opucal signal 236. 238. 
with .wo overlapping pulses (or peaks) A and B »u. a saddle poin. in— Utem defined beca.« 
„rP^a> in the optica, sign^. The relative temporal offset of the two observed pulse., v,s„a^ 
l^ntified by Ute dis»nce be««een tite ^o pea^ A and B, shown as ... indica«s ti» amoun o^ PMD 
le optiL Signal 2,6, 238. T.is »mporal offse. is measured by d,e PMD de.c.or 244^ P« 
lampleti,eoptica.signa,236. 238 mayhaveaf^uencyoflOGHzwi. pulses ,00 PS apar. and 

a value of a. may be lOps. 

R.f«ring again to Fig. 3, dte PMD de.ec.or 244 communicaKs Uie amoun. of PMD 
c.cu,a.ed.od.ePMDco„.rol^242.PMDcon,ro,ler242signaUthePMDc«,e«or2^^^^ 

ti,e optical Signal 236. 238 u, compensate for the amount of PMD c^culatcd by the PMD ^ 
244 The P^ cotrccor 246 titen comp^sates or adjus.s tite signals 236. 238 to provtde d,e 
conected optica, signal 250. 252 on optical fiber 228 wid, no PMD as shown in 0. eye diagram of 

Notcti,a.iftiKe,cdiag,amhasonlyonepeal...ise<,ual.ozero. TWs possibly means *a. 
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^ ™oun. of PMD is coal «. zero, and no compemadon is required. However, an eye diag«m, 
wiU, only on. pealc »,d a equal «. ze™ could also n>ea„ *« *e amountof PMD is equal to 100% 
«,.pu,se»idd,,l«ding».nincone«,eadi„g«^imp,.p.rcompensaao„forPMD.-nusprohlem 

is preferably solved by conttoUer 242 having a memory function, allowing .he conttoUer 242 .o 
Compaq cunen, readings of PMD .o a previo^ PMD reading, and recogni« when a PMD « 
changing and approaching from W?6.owards 100% of a pulse widtt>. or approaching fmm 1* u> 0% 

of a pulse widih. or PMD of zero, for example. 

SOP will be ,en.c«d in an eye diagram such as ,he one .shown in F,g. 7 by a flucluadon Of 
shif, in relative amplitude between earlier and later pulses, such as a fluctuation in amplitude of the 
si.,.ls236 238. However, in Fig. 4. no SOP is nouccable because me amplitudes of the two pealts 

A »d B are approximately equal. Rg. 7 shows an example of SOP indicated by the difference m 
pcakamplin,des..l. An advanugeofthepresent invention is thatinexaminingUtepulscshapc, or 

' diagram. Ute amount of SOP is no, consider! in detetrtning the PMD. because a fluctuauo. 
,„ Ote rolative amplitude of the signals 236. 238 docs not affect dte value of which is indica„vc 
of .he PMD. Tl,e,cfore. the PMD is determined and may be compensated forindependen. of SOP. 

resuldng in. more accurate PMD detection and compensation. ^ . , _ ... 

An alternate embodiment of O-e ptesent invention is illuslrated m F.g. 6. The SOP- 

independen. PMDC 326 (which may be used as PMDC 126 in Hg. 2) includes a PMD detector 344. 

fpMD elector 346, a PMD v»ir,c, 348. and a PMD controller 342. The PMD detector 344 

U coupled to an opdcal fiber 324 containing an input optical signal. The PMD d«.«or 344 is 
coupll d.eP^»c„,«c.or 346 .ndd,ePMD controller 342. ThePMD controller 342.SCOUPM 

,oI PMD corrector 346 «.d to the PMD verifier 348. The PMD corrector 346 is coupled to e,e 
PMD verifier 348 which is coupled .0 an optical fiber 328 containing the output opUcal signal. Tlus 

^bodimen. includes an ^Widonal of a PMD v^fier 348 which exa,»nes the optical si^al 

emerging from PMD corrector 346 and verifies U,a. tK. cotrcc. amount of PMD has b... 
compensated for by U« PMD corxctor 346. K an incorrect value of PMD has been compens.,.^ 
for*ePMDv«if,er348signals.hePMDcon.roner342.oadjust.hecompensauonof.heopuc^ 

sigi-al beforettleaves thePMDC 326. The verifier may repca, the verification step undl the PMP 
h.s been .d«,u«.ly eliminate! from .he opdcal signal. 

Fig. 7 shows a possible eye diagnm of optical signal 336, 338 on opucal fiber 324 
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10 



15 



20 



25 



generated by PMD dc«c,or 344. As shown in Hg. 7, Che ^plimdcs of the .wo peaks cay no, be 
^ual «i.h *e diffe^^e between the pedes .1 being an indicaUon of .he SOP. while indie«es 
U,e PMD of d,e optical signal independent of SOP. Fig. 8 shows a corrected eye diagnun of opbca, 
Signal 350 352 on optical fiber 328 after being contpensa.cd for by d,e PMDC 326 of .h. p,.s«,t 



invention. 



on. 

Fig 9 iUuswtes an actual view of an eye diagram visible from the monitor of a. oscJloscope 
monitoHng .he op.ical carrier. TTe .op and bottom hotizonu, lines 337 renec, NRZ. or non-return 
,„ .ero which are not in,pn„ant for the cnn^nt invention. Signals 336. 338 ind,cate an eye diagram 
of an optica, signal ^.smined along «t optical fiber, having PMD of about 60ps DOD (differennal 
group delay), firs, order PMD, de.ennin.ble by U,e time interval between titc .wo peaks. ... The 
SOP is dcenninable by the difference in amplitudes of the two peaks, ^I. 

TT,e novel method and system of determining PMD independently of SOP provides the 
adv.n.ageofmn.accur«elyde«muningandcompensa«ngfor PMD in an optical communication 

sys»m improved ..ansmission of optical signals over an optical fiber is provided with fte present 
invention A funhcradvanuge is that use of an SOP controller by either tite optical communication 
.y„em or the PMDC may be eliminated by the pn^cnt invention, which ,«iuces the need for a. 
eLen. in .he sys.em. A funher «lvantagc is that changes in SOP of tite optical signal do no. affec. 
Ae amoun. of PMD de»:tmined and compensated for by the sysBm. 

While the invention has been described with reference to illuatrative embodimenrs. tins 
,„cnption iS no. int^ded .o be censored in a limiting sense. Various modifications ... 
combinations of the illustmtive embodiments, as well as other embodiments of the in« w^ 
^ .pparcn, to persons skilled in the an upon reference to the description. For example, be PMD 
detlr 244, 344 may comprise a separ^e auxiUary U,t.shold circui, that is used to sample vanous 
^ amplitude thteshold se. points. By ptoper control of .be auxiliar, titreshold ci^tt. d« 
sbape of d« eye dia^can be probed.providingdatad,..ca„b. analyzed according dev... 

and metitod of tite presen. invention disclosed herein. Also, the device and method of the p,«ent 
invention is preferably implemented in hardware, but could be implemented in soflwam tf d«.md. 
U is tirerefore imcnded tha. tite appended claims encompass any such modifications or 
embodimenu. 
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' WHAT IS CLAIMED IS: 

1 1. A device for determining polarization mode dispersion (PMD) in an optical 

2 communication system having an optical transmission line, comprising: 

3 a detector connected to the optical transmission line, wherein the detector analyzes a 

4 pulse shape of an optical signal on the optical transmission line to determine PMD of the optical 

5 signal. 

1 2. The device of claim 1 . wherein the detector analyzes data of an eye diagram of the optical 

2 signal. 

1 3 The device of claim 1 . wherein the pulse shape has a first peak and a second peak and 

2 wherein the PMD determined by the detector is a function of a time delay between the first and 

3 second peaks, 

1 4. The device of claim 3. wherein the time delay indicated by a disunce is between the fim 

2 and second peaks on an eye diagram. 

1 5. TT.e device of claim 1 further comprising a corrector responsively coupled to the detector. 

2 wherein the corrector corr^pensates for the determined PMD in the optical signal. 

1 6. The device of claim 5. wherein the corrector is capable of compensating for the PMD by 

2 altering the optical signal as a function of the determined PMD. 

1 7. The device of claim 5 further comprising a controller coupled to the detector and the 

2 corrector. 

1 8. The device of claim 7, wherein the controller signals the detector to request analysis of 

2 the optical signal. 
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, ^=.evi=cofdaim7,wh»inU.ccon»oUcrco„,pri«s.«w^.n^an., 

r ritlon. pu,. of U,. opuca. .^a,. wHe.. 0,e «n„o.,cr con^ - 
PMD .s s.o«a from secon ^ 
dettnnlntd PMD value to Ihc second de«rm.n.<l PMD 

PMD value equals zero or !«.% of a pulse of .he optical s-gnal. 

,0 T.edeviceofc,al..funHerco.prtsin,ave.fiercou,ed,o*eco™c,o.^^^^^^^ 
Lerdere™ he*er*eco,.ec.orcorreCy compensates *eop„cals,sna. for. He 

deiennined PMD. 

A -.omnen^atine Dolarization mode dispersion (PMD) in an 
n A device for detecung and compensating poiani 

for the determined PMD. 

. • f dnim 1 1 wherein the detector analyzes calculations of an eye diagram 
::.j::;::::r:l.-w.e.eln..PMOde.ern.ned...ede.ec.orU^ 

0, .he distance be.ween Ute firs, and second peaks on the eye dia|«m. 

. Thedeviceofc,ai.nU.»he,.nU,edis,anceisi„dicaaveofadn,ede.aybe,»eentt.e 

2 first and second peaks. 

T.edeviceorcUln.nf„,therco.pHsinsaeontr»l.ercoupled,o,hede.ectorand.he 

cotrector, v,herein the controller signals the detector to analyze the opucal st^a,. 
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. f.Uiml4whcreinthecontrollcrcompriscsamemory.whcreinanrst 

" r: "^^^^^^^^^^ ■ 

PMD .s steed from a sec P ^ ^^^^^ ^^^^^ ^^^^^ 

comparing the first deicrn.ncd PMD va ^ ^.^^^ ^.^^^ 

Whether the second PMD value equals zero or-100% P 

. ■ fHaimlSfurthercomprisingaverifiercoupledtothecorrector.whereinthe 

determined PMD. 

" . rz^ — 

po,an«uon (SOP ™ ^oP ^^^^^^^^^ ^ „ ^ 

optical transmission line, tne opiiw«i 

1 - the method comprising the step or: 



1 

2 
3 
4 
5 

6 optical signal 



■ c the eve diaEwn comprises a first peak and a second 

fi„, peak attd the second peak to detemJne PMD 

Wween .he analyad first and second peaks. 

. , . ■ n wherein the optical communication system complies a 

n. TTemethodof cla^m "■"^'"*'.„.,he optica, signal forthedetcnnit^d 
compensator, funher comprising .he step of compcnsaons m 



1 

2 

3 PMD using the compensator 
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comp«nsa«d cor«.ly for the *«nmnei PMD. 

the determined PMD. 

. . f .l»im n wherein a firs, detenrined PMD value U «0«d from a te. 
" : 'sldde,e,,..ncdPM.U.to.drroma..^^^ 

second determined PMD value. 

.u of flnalvzins the first PMD value and 
^ .t,nHnf claim 24 further compnsmg the step of analyzing m 

25. Themcthodofcla,m24 ^^^^„,pi^,alucequalszeroor I00%ofa 

the second PMD value to dcteimme whether the second I'M 
pulse width of the opUcal signal. 
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